Neonatally-developing, self-reactive B-1 cells generate steady levels natural antibodies 43 throughout life. They can, however, also rapidly respond to infections with increased local 44 antibody production. The mechanisms regulating these two seemingly very distinct functions are 45 poorly understood, but have been linked to expression of CD5, an inhibitor of BCR-signaling. Here 46 we demonstrate that TLR-mediated activation of CD5+ B-1 cells induced the rapid reorganization 49 virus and Salmonella typhimurium. Both, initial CD5 expression and TLR-mediated stimulation, 50 were required for the differentiation of B-1 cells to IgM-producing plasmablasts after infections.
of the IgM-BCR complex, leading to the eventual loss of CD5 expression, and a concomitant 48 increase in BCR-downstream signaling, both in vitro and in vivo after infections with influenza Introduction 7 compared to CD5+ B-1 cells on days 3, 5, and 7 after infection ( Fig. 1I) . Thus, CD5-B-1 cells 162 increase in the MedLN and are a major source of local IgM production after influenza infection.
164 CD5+ B-1 cells decrease CD5 expression after LPS stimulation in vitro 165
To reconcile our previous findings about the role of CD5+ B-1 cells in influenza infection 166 33, 34 , we considered whether CD5 surface expression changes after B-1 cell activation. Indeed, 167 approximately 40% of highly purified FACS-sorted CD5+ B-1 cells from the peritoneal cavity 168 lacked CD5 expression when cultured for 3 days in the presence but not absence of LPS, a stimuli 169 that is known to induce IgM production by body cavity B-1 cells 40 ( Fig. 2A ). CD5 surface 170 expression was unaffected during the first 2 cell divisions following stimulation, but was then 171 quickly lost during the next 1-2 divisions (Fig. 2B ). Both, surface-expressed CD5 and cd5 mRNA, 172 as assessed by qRT-PCR, were decreased among B-1 cells after 3 days of LPS stimulation (Fig. 173 2C-D) . Surface CD5 levels were decreased first, by 1.5 days of culture, while cd5 mRNA was not 174 reduced until 2 days after culture onset ( Fig. 2C-D) . The stimulated cells began secreting IgM 175 before CD5 levels were reduced, but the increase in IgM secretion was more pronounced after at 176 least 2 days of stimulation compared to the earlier time points ( Fig. 2E ).
177
A number of control studies ensured that the reduced frequencies of CD5+ B-1 cells in the 178 cultures were due to a loss of surface expression and not to an expansion of small numbers (< 179 5%) CD5-cells that might have contaminated the cultures at onset. First, we separated by FACS 180 CD5+ and CD5-B-1 cells from the body cavities to very high purities, and then cultured either 181 100%, 99% or 95% sorted CD5+ cells to which we added 0%, 1% and 5% CD5-cells, respectively.
182
The percentage of CD5+ and CD5-cells after 3 days of culture was unaffected by the initial 183 composition of the culture wells ( Fig. 2F ). When cultures with 100% and 95% CD5+ at onset were 184 compared on day 3 of culture, there was no significant difference in either CD5 MFI or in the 185 percent of CD5+ and CD5-cells ( Fig. 2G ). Thus, small percentages of CD5-B-1 cells at culture indistinguishable from the proposed B-1 cell "sister" population, the CD5-"B-1b" cells. 
225
To test this hypothesis, neonatal B-1 cell chimeras generated with FACS-purified CD5+ 226 and CD5-B-1 cells (Igh b ) at different ratios were infected with influenza virus for 7 days and 
231
Of particular note, in chimeras generated with only CD5+ B-1, >50% of B-1 cells in the MedLN 232 lacked CD5 expression ( Fig. 4D ).
233
Allotype-specific ELISPOTs showed that chimeric mice generated with only CD5+ B-1 234 cells formed significantly higher frequencies of B-1-derived IgM-secreting cells compared to 235 chimeric mice generated with predominantly CD5-B-1 cells (Fig. 4E ). In fact, chimeras generated 236 with CD5-B-1 cells showed no more B-1 derived IgM ASC in their MedLN than uninfected 
257
Neonatal chimeric mice generated with varying ratios of FACS-purified CD5+ and/or CD5-
258
B-1 cells, as described above were orally infected with Salmonella typhimurium (Fig. 5A ). Again In contrast, the MesLN and PP of chimeric mice that were given ASC did not increase significantly ( Fig. 5F ). Instead, we found OmpD-specific IgM secretion by 271 B-2 derived plasmablasts. Of note, the phenotype of B-2-derived plasmablasts is indistinguishable 272 from that of "B-1b" cells (CD19low CD45lo IgM+ CD43+ (Fig. 5F) ), and thus only identifiable using 273 a lineage-marking approach, such as used here.
274
Together these findings demonstrate that in response to both bacterial and viral infections, 
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As expected, stimulation of CD5+ B-1 cells with anti-IgM failed to induce their proliferation 292 but did induce proliferation of B-2 cells. In contrast, stimulation with CpG (TLR9-ligands) induced stimulation was explained by the PLA data, which showed the maintenance and even increase in on B-1 cells inhibits BCR-signaling by reducing steady-state IgM-CD19 interactions and likely also 299 by initiating instead interactions between CD5 and CD19.
300
In contrast to direct stimulation of the IgM-BCR, CpG stimulation led to changes in the 301 BCR-signaling complex that are consistent with induction of positive BCR-signaling, and/or the 302 ability to signal through the antigen-receptor. CpG stimulation strongly increased the interaction 303 of IgM-BCR:CD19 and reduced CD5:IgM-BCR proximity. The already weak CD5:CD19 304 interaction was further reduced (Fig. 7A) , consistent with the loss in surface CD5 expression noted 305 following stimulation (Fig 3) . These rapid changes in the BCR-signaling complex were associated 306 with increases in CD79:Syk interaction, suggesting active BCR downstream signaling in CpG-307 stimulated B-1 cells. This was further supported by sustained increased levels of phosphorylated 308 Akt (pAkt; pS473), while anti-IgM stimulation reduced pAkt levels below that of unstimulated B-1 309 cells by 24h, after an initial increase ( Fig. 7B ).
310
We also noted increased Nur77 expression in CpG-but not anti-IgM-stimulated B-1 cells 311 at 24h ( Fig. 7C ) but not at 3h (not shown). Given that B-1 cell responses following CpG-stimulation 312 were TLR-expression dependent in vitro (Fig. 3D ), and no external antigen was provided to the 313 cultures, TLR-signaling may directly link to BCR-signaling, or TLR-signaling may "license" 314 subsequent self-antigen recognition, by altering the BCR-signaling complex. In support of the 315 latter, we noted a strong increase in the frequencies of PTC-binding B-1 cells during culture ( 
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Our data are not consistent with early reports suggesting that CD5+ B-1 cells could only 391 reconstitute themselves, but not CD5-B-1 cells 48, 50 , as reconstitution of neonatal mice with even 392 very highly FACS-purified body cavity CD5+ B-1 cells led to significant numbers of CD5-B-1 cells 393 recovered from these mice and B-1b ( 33 and Figs. 4/5 ). This discrepancy remains to be further 394 explored.
395
The reorganization of the IgM-BCR complex, including the loss of CD5, may allow B-1 396 cells to gain responsiveness to BCR engagement and subsequent antigen-specific proliferating Neonatal chimeric mice were generated as described previously 53 . Briefly, one-day old 442 Igh a C57BL/6 congenic mice were injected intraperitoneally with anti-IgM a (DS-1.1) diluted in PBS.
443
On day 2 or 3 after birth mice were injected with total peritoneal cavity wash out, or with FACS- bacteria were centrifuged for 20 minutes at 6,000-8,000 rcf at 4°C after concentration was 459 determined by spectrophotometer reading at OD600. Bacterial pellets were resuspended in mouse 460 drinking water to a concentration of 10 9 CFU/ml. Water was provided to mice ad lib.
462
Flow cytometry and sorting 463 Tissues were processed and stained as described previously 56 . Briefly, single cell 464 suspensions of spleen, lymph node, and Peyer's patches were obtained by grinding tissues 465 between the frosted ends of two microscope slides, then resuspended in "Staining Media" 56 .
466
Peritoneal cavity washout was obtained by introducing Staining Media into the peritoneal cavity 467 with a glass pipet and bulb, agitating the abdomen, and then removing the media. Samples were 468 filtered through nylon mesh and treated with ACK lysis buffer as needed. Cell counts were 469 performed using Trypan Blue exclusion to identify live cells.
470
Fc receptors were blocked using anti-CD16/32 antibody (2.4G2) and cells were stained 471 using fluorochrome conjugates generated in-house unless otherwise specified against the 472 following antigens: CD19 (clone ID3)-Cy5PE, allophycocyanin, FITC, CD4-(GK1.5), CD8a-(53-473 6.7), CD90.2-(30H12.1), Gr1-(RB68-C5), F4/80-(F4/80), and NK1.1-(PK136) Pacific blue 578 579 specified progenitor. Nat Immunol 7, 293-301 (2006 
773
Contaminated water delivery as a simple and effective method of experimental Salmonella 774 infection. Future microbiology 10, 1615-1627 (2015) . 
